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Preface 
 
A component of State Wildlife Grant T-82-R-1 (Defining expectations for mussel communities in 
Illinois wadeable streams) is to evaluate species’ abundance, distribution, habitat requirements, 
ecological role and amount of information available regarding the species for all mussel Species 
in Greatest Need of Conservation (SGNC) in Illinois. This information will be used to update the 
freshwater mussel SGNC accounts included in the Illinois Comprehensive Wildlife Conservation 
Plan developed in 2005. This document updates Appendix I and II and Actions for the Streams 
Campaign for mussel SGNC to include in the 2015 revised Illinois Comprehensive Wildlife Action 
Plan.  Additionally, distribution maps and host fish information for mussel SGNC and other 
species found currently or historically in Illinois are included. 
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Introduction 
A major goal of Illinois’ Wildlife Action Plan is to protect existing populations of species of concern and 
their habitats. Freshwater mussels are imperiled throughout much of their range, and 26 species are 
listed at the state or federal level in Illinois (Illinois Endangered Species Protection Board [IESPB] 2015) 
and an additional five species are considered in species of conservation need. Understanding the 
breadth of distribution change over time is crucial to guide conservation efforts. Historical data from 
field surveys are often the sole information source to explain species’ ranges, yet data may not be 
available for time periods prior to human settlement or development. Modeling approaches have been 
advocated for delimiting species distribution, as these can fill information gaps in field-collected data. 
Modeling approaches like Maximum Entropy (Maxent) generally use summaries of landscape features 
derived from geographic information systems (GIS) and known locations of species to identify similar 
areas on the landscape. 
Our objectives for this project were to: 
1) Re-construct the historic distributions of mussel species in 46,462 wadeable Illinois stream 
reaches 
2) Re-construct the historic mussel species richness in the wadeable streams 
Understanding the extent of the historic distribution of species will give us a clearer picture of the 
current status of species loss and direct conservation efforts in the future. 
Methods 
Preparation of mussel data - Species and locality data for freshwater mussels were gathered through the 
Illinois Natural History Survey Mollusk Collection and related records obtained from cooperating natural 
history collections (e.g., University of Michigan Museum of Zoology, Ohio State University, etc.). These 
data date to the late 1800s to present day. Each sample was associated with a unique stream reach 
(confluence to confluence reach), and a set of reaches that were well sampled historically were used for 
model validations. Any species recorded in less than 15 unique reaches were removed from the dataset 
due to insufficient data available to model.  
Background reaches are segments of streams that serve as “pseudo-absences” or areas with no records 
for a particular species, and the minimum number of background reaches required for Maxent models is 
10,000 reaches. Background reaches were restricted to those USGS Hydrological Unit Code 6 (HUC6; 
water.usgs.gov/GIS/huc.html) watersheds where a targeted species was recorded. Because some 
species also were only recorded in a single or a couple of HUC6 watersheds, the number of reaches 
where the species were absent in the watersheds (background reaches) was small; thus, these species 
were dropped from the analysis. These species were also dropped if the available background was far 
smaller than the required (10,000 reaches). As a result, 45 species were available to model. 
Preparation of environmental data - Forty environmental variables were used to predict mussel 
distribution, which describe climate, geology, soil, and 1800s land-covers, mostly at the watershed scale. 
All variables except land-covers were based on Great Lakes Aquatic Gap Analysis (Cao et al. 2016). Land-
covers were based on the Illinois Land Cover Map (Luman et al. 2004). These variables were chosen 
because of their known or assumed importance to mussel species (Strayer 2008; Haag 2012). 
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Modeling - Maxent models were built based on default settings (i.e., standard model; Phillips et al. 
2014). The predictions of Maxent were transferred into species presence-absence based on the 
threshold for equal training sensitivity and specificity (ETSS) (Phillips et al. 2006). The predictions of 
individual species were stacked to estimate the number of species (i.e., richness) at each reach. 
Results 
We used 36,263 species records for the analysis, and a total of 18,810 occurrences (one occurrence = a 
species in a reach) were available for model calibration. After species with inadequate data were 
removed, we were able to model historical distributions of 45 species (Table 1; Appendix I). 
Predicted species richness ranged from no more than 1 species to 38 species within each HUC6 
watershed (Figure 1). The watersheds predicted to be the most diverse were tributaries to the large 
rivers (i.e., Illinois River, Wabash River, and Rock River) such as the Kankakee River, Vermilion River of 
the Illinois and Wabash rivers, Fox River, and Kishwaukee River.  
Discussion 
These maps give us an idea of the historical or pre-settlement range of 45 mussel species in Illinois. Only 
using museum records may provide an underestimation of the historic range of a species, due to factors 
such as inadequate preservation of specimens or lack of transportation to remote field sites. In many 
cases, the modeled historic distributions reveal areas of Illinois that likely had populations of particular 
species that have no historic mussel collection records (e.g., Spike - Elliptio dilatata or Flat Floater-
Utterbackia suborbiculata). Conversely, some species’ historic distributions were apparently under-
predicted in their historic distribution (i.e., Little Spectaclecase - Villosa lienosa and Louisiana Fatmucket 
– Lampsilis hydiana). Louisiana Fatmucket presumably did not perform well due to lack of historical 
records; this species was only recently documented in Illinois. Regardless, understanding the nature and 
scope of range declines can guide restoration efforts for freshwater mussels in the future. 
The predicted historic species richness across Illinois appears to be fairly accurate based on comparisons 
with vouchered shell records. Few species populate extreme headwaters of a river system, and species 
diversity increases as the system becomes larger (e.g., Vannote et al. 1980, among others). Many 
watersheds had predicted species richness greater than 20 species, but those watersheds have 
undergone significant species losses in post-settlement years (Tiemann et al. 2007; Douglass and Stodola 
2014). Dams, commercial harvest, and agricultural and industrial land-use practices dramatically altered 
pre-settlement mussel species’ distributions and reproduction efforts and led to reduced species 
richness across the landscape.  
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Table 1. Summary of 45 species data for Maxent modeling. 
Species  Domain Training Background Test 
Actinonaias ligamentina 46317 305 10000 36012 
Alasmidonta marginata 40904 316 10000 30588 
Alasmidonta viridis 43780 233 10000 33547 
Amblema plicata 46317 799 10000 35518 
Amphinaias nodulata 46317 61 10000 36256 
Amphinaias pustulosa 46317 528 10000 35789 
Anodontoides ferussacianus 43567 761 10000 32806 
Arcidens confragosus 43567 110 10000 33457 
Cyclonaias tuberculata 43780 92 10000 33688 
Elliptio dilatata 46443 284 10000 36159 
Fusconaia ebena 46317 14 10000 36303 
Fusconaia flava 46443 746 10000 35697 
Lampsilis cardium 46317 891 10000 35426 
Lampsilis hydiana 9427 46 9381 0 
Lampsilis siliquoidea 46443 883 10000 35560 
Lampsilis teres 46317 382 10000 35935 
Lasmigona complanata 46317 1075 10000 35242 
Lasmigona compressa 43780 335 10000 33445 
Lasmigona costata 43780 265 10000 33515 
Leptodea fragilis 46443 705 10000 35738 
Ligumia recta 43780 124 10000 33656 
Ligumia subrostrata 45986 226 10000 35760 
Megalonaias nervosa 46317 127 10000 36190 
Obliquaria reflexa 46317 87 10000 36230 
Obovaria olivaria 46317 10 10000 36307 
Plethobasus cyphyus 43780 25 10000 33755 
Pleurobema sintoxia 43780 348 10000 33432 
Potamilus alatus 46317 260 10000 36057 
Potamilus ohiensis 46317 335 10000 35982 
Pyganodon grandis 46443 1212 10000 35231 
Quadrula quadrula 46317 568 10000 35749 
Simpsonaias ambigua 38578 15 10000 28563 
Strophitus undulatus 46443 738 10000 35705 
Theliderma metanevra 43780 88 10000 33692 
Toxolasma parvum 46443 657 10000 35786 
Toxolasma texasiense 9427 104 9323 0 
Tritogonia verrucosa 46317 319 10000 35998 
Truncilla donaciformis 46317 155 10000 36162 
Truncilla truncata 46317 235 10000 36082 
Uniomerus tetralasmus 41432 356 10000 31076 
Utterbackia imbecillis 46317 316 10000 36001 
Utterbackia suborbiculata 46317 45 10000 36272 
Venustaconcha ellipsiformis 40904 318 10000 30586 
Villosa iris 26054 46 10000 16008 
Villosa lienosa 20673 18 10000 10655 
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Figure 1: Predicted historical species richness based on standard Maxent models for 45 species.
Appendix I. Historical distribution maps as predicted by Maxent models. 
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